Background: DCIS is a premalignant condition characterized by proliferation of neoplastic cells within the ducts with intact myoepithelial cell layer and when there is a breach in myoepithelial cell layer it indicates invasion and in both these condition treatment protocols and prognosis is different. Myoepithelial markers can be used to identify breach and hence invasion.
proliferation of neoplastic cells within ducts, they have intact myoepithelial cell layer whereas there is breach in myoepithelial layer in DCIS with microinvasion. Therefore, markers that identify myoepithelial cells can be used to differentiate these conditions. In extensive DCIS, myoepithelial markers can be used to identify the invasive foci (loss of expression around it) and to measure the invasive foci.
Various myoepithelial markers which can be used are CK 5/6, CD10, S100, smooth muscle specific proteins like smooth muscle actin, heavy caldesmon, smooth muscle myosin heavy chain, calponin and nuclear protein p63 each with variable sensitivity and specificity [5, 13, 14] . Cytokeratin's and S-100 have low specificity, whereas calponin, smooth muscle actin (SMA) and smooth muscle myosin heavy chain (SMMHC) are specific for myoepithelial cells [9] . Myoepithelial cells also express the nuclear protein p63 which is neither expressed by luminal mammary epithelium nor in smooth muscle cells and is highly specific and sensitive [10] .
This study aims to utilize three myoepithelial markers, SMA, calponin and p63 in differentiating extensive DCIS and DCIS with microinvasion and focal invasion.
Aim and Objectives Aim
To identify DCIS with microinvasion using SMA, calponin and p63 by IHC.
Objectives
Primary objectives:
1. Identify the suspected cases of DCIS with microinvasion and focal invasion on H&E sections by morphological features.
2. Perform a panel of IHC markers with SMA, calponin and p63 on the suspected cases.
3. Compare the efficiency of IHC markers with H&E in detecting microinvasive and focal invasive component.
Introduction
Ductal carcinoma in-situ (DCIS) is the most common noninvasive malignancy of the breast. It is defined as proliferation of malignant cells in ductal epithelium confined to basement membrane, not invading the breast parenchyma [1] [2] [3] [4] [5] .
Incidence of DCIS
It accounts for 20-25% of breast cancer [3, 4, 6, 7] . There has been a rising trend of DCIS due to utilization of breast cancer screening mammography which can be detected as microcalcification without a palpable lump [8] . Incidence in India is 1.1% of breast lesions [9] .
DCIS with microinvasion or microinvasive DCIS
Microinvasive breast cancer is defined as invasion of tumor cells singly or in clusters into stroma and invasive focus measuring not more than 1 mm in its greatest dimension [1, [3] [4] [5] 10] . It accounts for 13.5% of DCIS cases [11] and less than 1% of breast cancer cases [1, 11] . The defining feature can be either of the following:
1. One or two foci of invasion but less than 1 mm.
Single focus less than 2 mm.
3. Up to 3 foci but none more than 1 mm [11] .
DCIS can occur alone, or with microinvasion, or with invasive carcinoma. It is important to differentiate these three entities as treatment protocols and prognosis amongst these three is different [3, 8] . DCIS with invasive carcinoma usually poses no problem in diagnosis. However, the differentiation of DCIS alone from DCIS with microinvasion is difficult but important to identify because treatment protocols are different. Moreover, hormone receptor positivity is evaluated in the invasive component only. When there is extensive DCIS, it is difficult to identify invasion and also to measure the size of the focus.
On hematoxylin and eosin (H&E) stained sections, a number of morphological features are described to identify invasion [12] . The most important feature is breach in the myoepithelial layer. As DCIS is malignant for each slice of the specimen from medial to lateral [15] , so that any slice section showing suspicious foci of micro or focal invasion could be re sampled accordingly. The sections were paraffin embedded and stained with Hematoxylin and Eosin (H and E).
Microscopy
Sections showing extensive DCIS with suspicious foci of focal or microinvasion were identified according to the inclusion criteria by irregularities of contours of nest, retraction around nest, desmoplasia of stroma around the focus, high grade DCIS, periductal lymphoid infiltrate, mucocele like lesion.
For all the retrospective cases, clinical and histopathological data were retrieved from laboratory information and 4 micrometer thick sections were obtained from paraffin blocks and studied. Thereafter samples showing extensive DCIS with suspected foci of focal or microinvasion on H&E were identified.
Appropriate sections were prepared on Poly-L-Lysine coated slides for IHC using selective antibodies that included SMA, calponin and p63 using standard protocol.
Immunohistochemical staining
It was done by manual method.
• IHC was done by poly HRP technique.
of one year = 100. e = Standard error (0.05). n = 100/1 + 100 × 0.05 2 = 80. 
Inclusion criteria
All cases of DCIS with suspected invasive component on H&E stained sections according to the following characteristics, during the study period were included.
• High grade DCIS or comedo type commonly (other type of DCIS can also show).
• Periductal lymphoid infiltrates.
• Mucocele like lesion.
• Irregularity of contour of nest or glands of tumor.
• Retraction around nest.
• Chronic inflammation.
• Reactive stroma.
• Increased stromal cellularity.
• Blurred edges of ductal wall.
• No basement membrane i.e. tumor cells directly in stroma.
• Tumor nest/gland without a lobulocentric organization.
The retrospective cases were retrieved from the database of Department of Pathology and Laboratory Medicine, diagnosed as DCIS with suspicion of invasion.
Exclusion criteria
Patients who underwent previous therapy at the site of biopsy or excision.
Study design: Both prospective and retrospective, observational study.
Sample size: 100 cases. Surgically resected specimens of mastectomy and lumpectomy, received in the department during the study period, fulfilling the inclusion criteria, were fixed in 10% neutral buffered formalin (NBF) after inking the posterior surface of the specimen and cutting it at an interval of 1 cm, as depicted in Figure 1 and Figure 2 . Specimen was kept in the container having 10 times 10% neutral buffered formalin to that of the specimen. After fixation of the specimen for 24 hours, the specimen was grossed using standard protocol. Adequate sampling of tumor was done 1 section for each cm size of the tumor. When tiny multiple foci of necrosis were seen grossly, DCIS was suspected as seen in Figure 1 and more number of grey white areas were sampled to rule out invasion. The sections in the cassette were labeled and measurement of invasive foci as follows:
• DCIS (absence of invasive foci).
• DCIS with microinvasion (presence of < 0.1 cm of invasive focus).
• DCIS with Invasive ductal carcinoma (presence of > 0.1 cm of invasive foci).
The staining pattern of three categories is depicted in Figure 3 , Figure 4 and Figure 5 .
The sensitivity and specificity of each marker in making the diagnosis was calculated (Table 1) .
Results
The number of patients included in the study was 100.
Age distribution
The age of the patients ranged from 30-77 years with median age of 49 years. Majority (31) of patients were in the 40-49 years of age group ( Figure 6 ).
Presenting complaint
All the patients presented with breast lump.
Mammography findings
Maximum number (48) of patients included in the study showed BIRADS score of IVc, followed by BIRADS IVA (27), BIRADS IV B (14), BIRADS V (7) and BIRADS III (4) (Figure 7 ).
Type of specimen
The type of specimens received included 79 mastectomy and 21 lumpectomy (Figure 8 ).
Laterality
The tumor was located in left breast in 56 cases and in the right breast in 44 ( Figure 9 ).
• To fix, sections were kept at 60 °C for 30 minutes.
• De waxing was done in 3 changes of xylene followed by hydration in graded alcohol and water.
• Antigen retrieval was done in pressure cooker in TRIS EDTA at pH 9.0.
• After cooling at room temperature, sections were washed with three changes of distilled water to replace TRIS EDTA gradually.
• Then slides were rinsed in TBS buffer saline thrice for 5 minutes each followed by immersion in 3% methanol H 2 O 2 for 10 minutes to block endogenous peroxidase activity and treated with power block for 10 minutes to inhibit binding to non-specific sites.
• Sections were incubated with primary antibody i.e. either SMA, calponin or p63 for 60 minutes, then secondary antibody (probe) for 15 minutes and HRPpolymer for 30 minutes.
• In between each of these above steps two rinses of TBS for 5 minutes each were applied.
• Antigen antibody complex was visualized by using DAB (diaminobenzidine) as chromogen for 5 minutes.
• Sections were counterstained with Harris hematoxylin for 1 minute.
• Then they were dehydrated through alcohol, cleared in xylene and mounted in DPX.
Interpretation of IHC
The staining results were assessed by two pathologists. Each IHC marker was interpreted as either present in suspicious foci (presence of myoepithelial cells), or absent in the suspicious foci (loss of myoepithelial cells), with H&E as gold standard. The reactivity of each antibody SMA, calponin and p63 in myoepithelial cells was scored as positive or negative by using positive control of normal breast tissue. The positive and negative staining were interpreted as depicted in Figure 3 , Figure 4 and Figure 5 .
• True positive: present in the noninvasive foci i.e.
DCIS correctly identified as DCIS.
• False positive: Absent in noninvasive foci i.e. DCIS incorrectly identified as invasion.
• True negative: Absent in the invasive foci i.e. invasion correctly identified as invasion.
• False negative: Present in the invasive foci i.e. invasion incorrectly identified as DCIS.
All the DCIS cases were re categorized into one of the three categories depending on the presence or absence 
Gross findings
Tiny foci of necrosis were seen grossly in 51speci-mens, grey white areas in 42 and tiny cystic areas in 7 ( Figure 12 ).
Margins of tumor
Ill-defined margins were seen in 91 cases and well circumscribed margins in 9 ( Figure 13 ).
Changes in adjacent breast
The changes in the adjacent breast parenchyma included fibrofatty areas in 87, epithelial hyperplasia in 6, adenosis in 4 and fibrocystic change in 3 ( Figure 14) .
Type of DCIS
Most common type of DCIS seen was solid in 73,
Site of the tumor
Maximum (44) number of patients had tumor in the central quadrant of breast, followed by 33 in the upper outer quadrant, 12 in the upper inner quadrant, 9 in the lower outer quadrant and 4 in the lower inner quadrant (Figure 10 ).
Size of the tumor
Size of the tumor ranged from 1-13 cm with median size of 3.5 cm. Majority (31) of patients had tumor size ranging from 2.1-3.0 cm (Figure 11 ). (Table 2 and Table 3 ).
Grade of DCIS
Majority (75) were high grade DCIS followed by intermediate grade in 23 and low in 2 (Table 4 and Figure 15 ).
Morphological features suggesting microinvasion
Majority (78) of cases show features of periductal stromal retraction, followed by, nest of cells in 65 cases, lymphocytic infiltration in 56 cases and mucocele in 20 cases (Table 5) .
Results of immunohistochemistry
All the cases included in the study were given a diagnosis of DCIS with suspicious foci of invasion on H& E sections. The morphologic features on H&E were summarized in Table 5 . These cases were subjected to IHC with SMA, Calponin and p63.
Results of IHC
SMA was true positive in 21, false positive in 59, true negative in 18 and false negative in 2.
Calponin was true positive in 20, false positive in 10, true negative in 68 and false negative in 2.
p63 was true positive in 15, false positive in 1, true negative in 77 and false negative in 7 ( Table 6 ).
Diagnosis after review
The results of IHC were reviewed by two pathologists and were reported as DCIS in 22, DCIS with microinvasion (DCIS with MI) in 7 and DCIS with focal invasive ductal carcinoma in 71 (Table 7 and Figure 16 ). 
BIRADS score
Majority (14) of DCIS cases have BIRADS score of IVA, DCIS with MI (4) have BIRAD score IVC and DCIS with focal invasion (41) also BIRADS score IVC ( Table 9) Median size of tumor in DCIS, DCIS with MI, DCIS with focal invasion are 2.5, 1.5, 3 cm respectively ( Table 10 ).
Majority of DCIS cases have non-comedo necrosis (13) and intermediate grade DCIS (12), DCIS with MI and DCIS with focal have comedo necrosis in 5, 59 cases respectively and high-grade DCIS in 5, 60 cases respectively (Table 11 ).
Role of IHC in Differentiation of DCIS With or Without Invasion
In the present study, with morphological features alone in the detection of invasion, there was suspicious of invasion in 22% of cases where the final diagnosis was DCIS alone. Morphology alone could not distinguish 
Comparative Analysis of DCIS, DCIS with Microinvasion and DCIS with Focal Invasion Age distribution
Median age in DCIS is 48 years, in DCIS with MI is 40 years, in DCIS with focal invasion is 49 years (Table 8) .
to establish as the treatment protocols and prognosis amongst DCIS, DCIS with microinvasion and DCIS with focal invasion differ [16] . In the present study myoepithelial markers were used to detect microinvasive and focally invasive areas in the setting of extensive DCIS.
In present study the age of the patients ranged from 30-77 years with median age of 49 years. All patients presented with lump in the breast and 97% had mammographic evidence of microcalcifications. These observations were similar to those described in earlier studies [10, 11, 16] . However, the frequency of micro calcifications was much higher in the present study, possibly attributed to the availability, sensitivity of the technique and sample size. In the present study, 89% of patients had BIRADS IV score, indicating suspicion of malignancy which correlated with the morphologic inclusion criteria [17] .
In the present study mastectomy was the most common type of specimen constituting 79%. The chance of local recurrence was reported to be more common in lumpectomy specimen due to close margins compared to mastectomy specimen similar to Padmore, et al. study [18] . There was predominance (56%) of left sided lesions with central or retroareolar location in 44% lesions, similar to earlier studies [19] . The median size of the tumor was 3.5 cm in the present study which was comparable to other studies [10, 18, 20] . Multiple tiny foci of necrosis (51%) and ill-defined margins (91%) on the macroscopic examination to suspect foci of invasion is seen in the present study.
The grade of the DCIS and type of necrosis are important clues to look for foci of invasion. High grade DCIS and comedo type of necrosis were reported to be associated with invasion as seen in the present study [8, 11, 18] . Comedo type necrosis was seen in 73% and high-grade DCIS in 75% cases in the present study.
Immunohistochemistry
Several IHC markers were studied to reliably demonstrate foci of invasion in DCIS [14, 21] . Of these, cytokeratins and S-100 were reported to have low sensitivity and specificity, whereas calponin, smooth muscle actin (SMA), smooth muscle myosin heavy chain (SMMHC) and p63 were reported to be specific for myoepithelial cells [10, 13, 22] . SMMHC was reported to be very specific for breast myoepithelial cells [21, 23] . In the present study, SMA, calponin and p63 were used as myoepithelial markers.
In the present study sensitivity of SMA, calponin and DCIS with microinvasion from DCIS with focal invasion. This was resolved by IHC for myoepithelial markers and only 7 cases had microinvasion in contrast to 71 cases who had focal invasion. This highlights the role of IHC with myoepithelial markers for detecting micro or focal invasion from pure, albeit extensive DCIS and these observations have direct impact on therapeutic decisions.
Statistical Analysis
Smooth muscle actin (SMA) has sensitivity of 91.30%, specificity of 23.70%, positive predictive value of 26.25% and negative predictive value of 90%.
By using chi-square test 'p' value was 0.021 which is statistically significant in diagnosing DCIS, DCIS with microinvasion and DCIS with focal invasion.
Calponin has sensitivity of 90.90%, specificity of 87.17%, positive predictive value of 66.66% and negative predictive value of 97.14%.
By using chi-square test 'p' value was 0.001 which is statistically significant in diagnosing DCIS, DCIS with microinvasion and DCIS with focal invasion.
p63 has sensitivity of 68.18%, specificity of 98.71%, positive predictive value of 93.75% and negative predictive value of 91.66%.
By using chi-square test 'p' value was 0.1 which was not statistically significant in diagnosing DCIS, DCIS with microinvasion and DCIS with focal invasion.
On plotting ROC curve for immunohistochemical markers SMA, Calponin and p63, the area under curve for SMA was 0.634, for calponin it was 0.596 and for p63 it was 0.688. Accuracy of the test was measured by the area under the ROC curve. An area of 1 represents a perfect test (Table 12) .
Discussion
Duct carcinoma in-situ is a premalignant condition and may be associated with foci of microinvasion or focal invasion. Certain morphologic features like irregularities of contours of nests, retraction around nests, desmoplasia of stroma around the focus, high grade DCIS, preductal lymphoid infiltrate or mucocele like lesion provide useful clues to suspect micro or focal invasion [12] . The most important feature for diagnosis of micro or focal invasion is loss of myoepithelial cells and breach in the basement membrane [14] . Though this feature may be appreciated on H&E stained sections, definitive diagnosis becomes challenging, especially in cases with extensive DCIS. However, this feature is important ing. Double immunolabelling was not done in the present study. Lack of representative foci on IHC was seen in the present study which was resolved by repeat IHC on representative section.
In the present study DCIS constituted 22%, DCIS with microinvasion 7% and DCIS with invasion constituted 71% of the total 100 cases of DCIS with suspicious foci of invasion on H&E. DCIS with microinvasion was reported to be a very rare lesion of breast accounting for 13.5% cases of DCIS and less than 1% breast cancer cases [1, 10, 11] . Our results are in agreement with these reported studies where DCIS with microinvasion constituted only 7% of DCIS with or without invasion ( Table 14) .
The median age in the present study in DCIS, DCIS with microinvasion and DCIS with invasion was 48, 40 and 49 years respectively and this observation was in agreement with other studies [18, 19] .
Eberl, et al. [17] reported that the BIRADS score increases as the chances of malignancy increase [17] . On mammography, 63.6% patients were in BIRADS IV A, whereas 57.1% of patients with DCIS with microinvasion and 57.7% of patients with DCIS with invasion were in BIRADS IV C in the present study.
In the present study majority of patients in all the three groups had central location of tumor, which is in agreement with other studies [19] . However, the size of the tumor was larger in invasive when compared to DCIS or DCIS with microinvasion in the present study, as observed earlier [20] (Table 15 ).
In the present study, the predominant type of necrosis was non comedo necrosis seen in 59% of DCIS, p63 were 91.3%, 90.9% and 68.18% respectively. Hua, et al. [22] reported sensitivity of 98% and 75% for calponin and SMA respectively. Werling, et al. [13] reported a sensitivity of 100% for calponin and 90%. Riberio, et al. [10] concluded that p63 is not a sensitive marker in staining myoepithelial cells. The results in the present study were comparable to those in the earlier studies and the variations could be attributed to inclusion of different histologies and the sample size.
In the present study specificity for SMA, calponin and p63 was 26.25%, 87.17% and 98.71% respectively. The high specificity of p63 as seen in the present study was reported earlier [13, 24] .
The positive predictive value of SMA, calponin and p63 were 26.25%, 66.66%, and 93.75% respectively whereas the negative predictive value of SMA, calponin and p63 was 90%, 97.14%, 91.66% respectively. These results indicate that p63 is a highly specific marker to detect invasion. These observations are in agreement with other studies [13, 24] (Table 13) .
Though IHC is reported to help in detecting invasion in DCIS, several problems in interpretation were reported [10, 25] . Section from a small duct may simulate detached cell aggregates mimicking invasion [10] . The suspicious foci on H& E, may show continuous myoepithelial layer on further sectioning or the focus may be lost in further section. The ducts with suspicious foci need to be seen on both H&E and IHC for proper interpretation. Localization of various markers to the suspicious foci needs double immunolabelling as reported by [10] .
The cytoplasmic markers like SMA and calponin may pose problems in interpretation due to smudgy stain- [19] Mean 65 -Mean -57 Padmore, et al. [18] Mean -55 years -Wahedna, et al. [20] Mean -63 -Mean -62 Median -61. 4 Median -61.2 Aguinar, et al. [7] Mean -58. whereas it was comedo necrosis in DCIS with microinvasion (71.4%) and DCIS with invasion (83%). This was comparable to earlier studies [11, 16] .
Grade of DCIS
In the present study DCIS showed predominant intermediate grade constituting 54.5%, whereas DCIS with microinvasion and DCIS with invasion showed predominant high-grade constituting 71.4% and 84.5% respectively. This is comparable to the study by Mascarel, et al. [16] in which DCIS was associated with low grade and DCIS with microinvasion was associated with high grade. In the present study the most common morphological criteria for suspecting invasion seen is periductal stromal retraction seen in 78% cases followed by nest of cells which is comparable to [10] study in which desmoplastic stroma is seen in 55% cases.
In the present study, with morphological features alone in the detection of invasion, there was suspicion of invasion in 22% of cases where the final diagnosis was DCIS alone. Morphology alone could not distinguish DCIS with microinvasion from DCIS with focal invasion. This was resolved by IHC for myoepithelial markers and only 7 cases had microinvasion in contrast to 71 cases who had focal invasion. This highlights the role of IHC with myoepithelial markers for detecting micro or focal invasion from pure, albeit extensive DCIS and these observations have direct impact on therapeutic decisions. Out of all markers used in present study i.e. SMA, calponin and p63, calponin has the highest sensitivity and p63 has the highest specificity. Hence this panel of IHC markers can be used to identify microinvasion/focal invasion in morphologically suspicious biopsies. These observations are in agreement with earlier studies.
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